
TRANSMISSION SYSTEM  

EARTHQUAKE READINESS 
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HIGH VOLTAGE SUBSTATIONS 



RISK REDUCTION SOLUTIONS 

DETERMINE RISK 

Identify And Quantify Potential Losses 

IDENTIFY STRATEGIES 
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Great Historic Earthquakes in Chile 

1575 Valdivia 8.5 

1730 Valparaiso 8.7 

1751 Concepción 8.5 

1835 Concepción 8.5 

1868 Arica 9.0 

1906 Valparaíso 8.2 

1922 Vallenar 8.5 

1943 Coquimbo 8.2 

1960 Valdivia 9.5 

1985 Santiago 8.0 

1995 Antofagasta 8.0 

2010 Maule        8.8 



China 2008, 220 kV Substation 
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Taiwan Earthquake 

New Zealand, 1968 
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Tramin Italy 2014 
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TSUNAMI VULNERABILITY 
JAPAN 



Schiff 
WWW.JSCE.ORG Arrester 

Failure 

Radiator 

Removed 

Manifold 

Leakage 

Bushing 

Slippage 

Bushing 

Porcelain 

Failure 

T

R

A

N

S

F

O

R

M

E

R 

V

U

L

N

E

R

A

B

I

L

I

T

I

E

S 



SYSTEM EARTHQUAKE (Extreme Event)  

        RISK ASSESSMENT 

• Originally developed for Southern California Edison (SCE), 1990 

• Used to evaluate the San Francisco BART system 

•System Inventory 

•Component Fragility 

•Scenario Earthquakes 

•SERA Results 



SERA MODEL 
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High Voltage Bushing 

Radiators 

High Voltage Surge Arrester 
Oil Conservator 

Internal Components 

TRANSFORMER VULNERABILITIES 

Anchorage 



EARTHQUAKE EXERCISE: M9 CASCADIA SUBDUCTION ZONE 



One Line Diagrams 

SUBSTATION 

TRANSMISSION LINES GRAPHICAL DAMAGE DATA 

SUBSTATION T-LINES 



FUNCTIONAL FAILURE 

Distribution 

Substations 

Main Grid 

Substations 
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Seismic Mitigation 
• BUIIDLINGS 

  Structural and Nonstructural 





SUBSTATION SEISMIC MITIGATION PROGRAM 



Rigid Bus Riser 

Earthquake Damage 

Rigid Bus 

Flexible Cable 

Mitigation: Flexible Bus Riser 

SUBSTATION SEISMIC MITIGATION PROGRAM 



  

   

Disconnect Switch 

Flexible Connections 

Structural Bracing 



FIELD RETRO-FIT 

INSTALLATION OF A 

RING SPRING FRICTION 

DAMPER 

SUBSTATION SEISMIC MITIGATION PROGRAM 



Seismic Vulnerability of High Voltage Power  

Transformers (460kV) and Base Isolation Options 

  



TRANSMISSION TOWER SEISMIC MITIGATION PROGRAM 

COLUMBIA RIVER WILLAMETTE RIVER 





NEW SEISMICALLY DESIGNED SUBSTATION 



Infrastructure Systems 

 

 



RESILIENCY 
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RECOVERY     

      TIME 

Resilience Index = Area of Triangle 

Robustness – Inherent strength 

Redundancy – Alternate options 

Resourcefulness – Mobilize Resources 

Rapidity – Recovery Time 

4 R’s 





Oregon Resilience Plan 



THE CENTER FOR RISK-BASED COMMUNITY 

RESILIENCE PLANNING 

A NIST-FUNDED  CENTER OF EXCELLENCE 

University Partners: 

Colorado State University    Rice University 

Cal Poly Pomona     Univer. of South Alabama 

University of Illinois     Texas A&M University 

University of Oklahoma    Texas A&M Kingsville 

Oregon State University    University of Washington 

Scope: 

Identify the key components and attributes within communities that make 

then resilient to hazards, develop the NIST Community Resilience 

Modeling Environment (NIST-CORE) to support risk-informed resilience 

decisions. (Infrastructure independence, response, and recovery) 
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